As a form of human capital health like education determines individuals' productivity and thus wage rates. While there are numerous overseas studies that examine the effect of health on wages, research on this issue using Australian data is scarce. This paper uses the Household, Income and Labour Dynamics in Australia (HILDA) survey to investigate the effect of health on the wages of working-age Australian men.
Introduction
As a form of human capital health like education determines individuals' productivity and thus wage rates. This study estimates the effect of health on the wages of working-age Australian men. Because wages may have a reverse effect on health and both health and wages can be affected by some unobserved common factors, health may be endogenous in wage determination models. To account for the potential endogeneity of health, I estimate a simultaneous equation model of health and wages. 1 The model is estimated using the Household, Income and Labour Dynamics in Australia (HILDA) survey, which is a longitudinal survey with four-wave data available currently. The study uses the third wave HILDA because this wave contains more detained information than the other waves on health conditions which are used to instrument the potentially endogenous health variable.
Human capital has long been recognized as a key driving force of productivity and thus economic growth. Traditionally human capital has been interpreted as education and skills. However, recently increasing attention has been given to health as a form of human capital. 2 For example, on the macro-level a growing number of studies have
shown that population health has a significant and positive effect on economic development, particularly in low-income countries (Bloom and Mahal, 1997; Bloom and Sachs, 1998; Bloom and Canning, 2000; Bhargava et al., 2001; and Bloom, Canning and Sevilla, 2001; Rivera and Currais, 1999) . The reason that population health is important in determining economic growth is that at the micro-level health like education affects individuals' productivity and labour supply. 3 For instance, numerous studies for both developed and developing countries have found that better health increases individuals' labour force participation and wages (e.g. Currie and 1 A model that accounts for sample selection was also specified and estimated, but it turned out that sample selection bias was not an issue in the data used because the error terms in the selection (employment) equation and the wage equation were found insignificant. The description of the model that accounts for sample selection and the estimation results are presented in Appendix C. 2 In his pioneering work on human capital, Becker (1964) draws an analogy between investment in health capital and in other forms of human capital such as education. This framework is further developed by Grossman (1972) , where health is explicitly treated as an endogenous variable, together with individuals' consumption and labour supply. According to Grossman (1972) , health like education increases the quality of individuals' private and market time, so that people with better health are able to do things more efficiently. In this sense health and the capacity of adequately performing job requirements are closely related. For example, poor health is likely to have an adverse effect on work performance. 3 Health not only affects individuals' productive activity such as work, it also directly influences individual utility because better health means reduced pain and suffering (Haveman et al., 1994) . Madrian, 1999; Stern, 1989; Bound et al., 1999; Campolieti, 2002; Cai and Kalb, 2006; Lee, 1982; Haveman et al., 1994) . 4 Despite a large body of overseas literature on the effect of health on wages (see Currie and Madrian (1999) for an extensive review of the US studies), research using Australia data is scarce. There are only a few papers that examine either disability or alcohol consumption on earnings (Brazenor, 2002; Barrett, 2002; and Lye and Hirschberg, 2004) ; it seems there has been no study that estimates the effect of health per se on wages. This study provides empirical evidence using current Australian data.
In addition, I use the full information maximum likelihood (FIML) method to estimate a simultaneous equation model to obtain more efficient estimation results than could obtained from a two-stage method and to infer the nature of the endogeneity of health.
The results of the paper confirm the common finding in the literature that health has a positive and significant effect on wages, but this significant effect is found only when endogeneity and measurement error of health are accounted for. The reverse effect from wages to health is found insignificant, but there is evidence on the endogeneity of health arising from unobserved factors.
The rest of the paper is arranged as follows. Section 2 briefly reviews the literature;
Section 3 discusses the econometric model and estimation method; Section 4
describes the data and model specification; Section 5 presents the estimation results.
The paper is concluded in Section 6.
The literature
The literature on the effect of health on labour market performance is large and has a long history. The labour market performance measures that have been examined include not only wages, but also earnings or incomes. 5 This study focuses on the effect of health on wages because wages are often used as a measure of individuals' productivity. Studies that use earnings as a measure of labour market performance do 4 In addition to directly affecting wages, health may also affect labour force participation by changing individuals' preferences between leisure and work. For example, poor health may lead to people to value time out of labour markets more since the time needed to care for one's health increases with ill health. 5 Here wages refer to the wage rate (i.e. earnings per hour), which is often used as a measure of individuals' productivity. Earnings are the product of wages and hours worked. Incomes include earnings, called employment incomes in labour economics, and non-employment incomes, such as interest or dividend earned from investments, and government transfers.
not distinguish the effect of health on productivity from that on labour supply.
Because the interest of this study is in the effect of health on wages and a simultaneous equation model is used for such a purpose, this brief literature review only focuses on studies that employ a similar modelling strategy and use wages, as opposed to earnings or incomes, as the outcome variable. But this condition does not apply to Australian studies reviewed here because the current study is about Australia and there are only a few relevant Australian studies.
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The earliest paper examining the effect of health on wages in a simultaneous equation framework seems to be by Grossman and Benham (1974) . A simultaneous equation system of (log) weekly wages, (log) annual weeks worked and health is specified in the econometric model to account for endogeneity of health; a two-stage method is used to estimate the system on a sample of white males over 18 years of age. 7 They find that the derived ill-health variable has a negative and significant effect on wages and wages have a positive effect on ill-health; the effect of wages on health is significant when persons over 64 years were included but insignificant when they were excluded. In particular, they find that accounting for endogeneity of health increases the estimated effect of health substantially.
Using the data from the National Longitudinal Survey of Men 45-59, Survey 1966, Lee (1982) estimates a simultaneous equation model of health and wages, with two discrete indicators for unobserved health capital. He finds that latent health has a positive and significant impact on (log) hourly wages. However, in contrast to Grossman and Benham (1974) , Lee (1982) finds that the wage rate has a positive and significant effect on health and that controlling for the reverse effect of wages on health substantially reduces the estimated effect of health on wages. Haveman et al. (1994) estimate a simultaneous equation model of (annual) hourly wages, annual hours worked and health status, using the Michigan Panel Study of Income Dynamics (PSID). However, while the variable hours worked is allowed to affect health in their model, the wage rate does not enter the health equation.
Therefore, the reverse effect of wages on health is not examined in their study. In 6 For other overseas studies particular in the US, see Currie and Madrian (1999) . 7 In their model wages and health are allowed to affect each other; wages and health are allowed to affect weeks worked; but weeks worked are not allowed to affect wages and health. The health variable is derived using the Principal Component Analysis of the variables the number of symptoms reported and self-reported health status.
addition, it is the one-year lagged health status that is allowed to affect wages. 8 The model is estimated on white men aged between 24 and 65 years using the GMM estimator. They find that lagged ill-health significantly reduces wages and that the effect is larger when endogeneity of health is accounted for.
There is no published Australian study that has estimated the effect of health on wages and only a few papers examine the impact of different health measures on earnings. 9 For example, using 1998 Australian Disability, Ageing and Carers Survey (DACS), Brazenor (2002) examines the impact of various disabilities, such as loss of sight, speech difficulty, nervous or emotional condition and disfigurement or deformity, on (log) weekly earnings and finds that disability has a negative impact on earnings and the effect varies with disability types. Barrett (2002) estimates the effect of alcohol consumption on the earnings of full-time male workers, using the 1989-90
Australian National Health Survey (NHS), and finds that moderate drinking leads to a significant earnings premium relative to abstention and heavy drinking. Lye and Hirschberg (2004) also use the 1989-90 NHS to examine the effect of alcohol consumption on earnings by emphasizing the interaction between smoking and drinking by estimating the effect separately for smokers and non-smokers. For smokers they find similar results to Barrett (2002) , but no significant effect is found for non-smokers.
Statistical model and estimation method

The statistical model
Endogeneity of health is an issue that often concerns researchers. Endogeneity may arise from unobserved factors, such as preferences, which affect both health and wages, or may be caused by the reverse effect of wages on health. The direction of endogeneity bias depends on the nature of the endogienity. For example, if the unobserved factors affect both health and wages in the same direction, there would be an upward bias to the estimated effect of health if health was treated as exogenous.
The reverse effect of wages on health arises according to the well-known health production model of Grossman (1972) , where it is argued that health capital can be maintained and improved through investments that depend on resources available, 8 Both the wage rate and lagged health are allowed to affect hours worked. 9 For studies that examine the effect of health on labour force status in Australia, see Cai and Kalb (2006) and Wilkins (2003) .
including both economic resources and time. Higher wages imply that more economic input into health production is possible, implying a positive effect of wages on health.
On the other hand, an increase in the return to health capital increases the opportunity cost of health investment, which leads to individuals being involved in market activity more heavily and less time input into health production, suggesting a negative effect of wages on health (Grossman and Benham, 1974) . Therefore, the direction of simultaneity bias is ambiguous in theory and can only be determined empirically.
To account for the endogeneity of health in wage models, a simultaneous equation model is specified in this study. First, the wage rate is determined by equation (1), 
where h x is a vector of variables that affect health status, such as specific health conditions and heath risk behavior, and h ε is the error term summarizing all unobserved factors that affect health. 10 w enters the health determination equation due to the potential reverse effect as discussed earlier.
The two error terms w ε and h ε in equations (1) and (2) are allowed to be freely correlated to account for the endogeneity of health arising from unobserved factors.
Because endogeneity of health can arise from either the reverse effect (i.e. 0 h α ≠ ) or the correlation of the two error terms, a true test on the exogeneity of health must 10 It may be argued that what matters in determining individuals' health is (family) incomes rather than individuals' wages. But the focus of this study is on the effect of health on wages. The specification used in equation (2) provides the functional form that allows the endogeneity of health from both sources, as discussed in the text, to be controlled for. Whether it is incomes or wages that are more appropriate in determining health is out of the scope of the current study. 
where the ms are the cut-off point parameters to be estimated.
Equations (1) to (3) consist of the simultaneous equation system of wage and health determination, which can be estimated using two methods: two-stage and full information maximum likelihood (FIML).
The two-stage method
Through substitution, the two equations (1) and (2) can be written in their reduced forms:
To be specific, let (4) and (5), using OLS and ordered probit respectively to obtain consistent estimates for the reduced form parameters, denoted as ˆw Π and ˆh Π . With these estimates, predicted wages and health can be obtained using,
In the second stage predicted wages and health, ŵ and * h , are substituted into equations (1) and (2) to estimate the structural equation parameters, again using OLS and ordered probit.
In addition to predicted latent health * h , using equation (3) Estimation results using both predicted health variables are reported in the empirical result section. 
The FIML method
The two-stage method provides consistent estimates and is also easy to implement by using standard statistical packages such as STATA, SAS or LIMDEP. However, the estimates from the two-stage method are not efficient because information on the correlation between w ε and h ε is not used. To obtain efficient estimates, the full information maximum likelihood (FIML) method is required. In addition, from FIML 12 While there are five levels of self-reported health status in the data, I use three levels for predicted health status because only a few observations are predicted to fall into the bottom and top health categories. That is, for predicted health status the lowest level includes both poor and fair health and the top level includes very good and excellent health. Another difference between using the two predicted health measures is that while the covariance matrix in the second stage can be derived analytically when predicted latent health is used, the covariance matrix cannot be computed analytically when predicted health categories are used. However, for both predicted health measures the bootstrap method is used to obtain the standard errors of the second stage estimates.
the nature of the correlation between the two error terms can be inferred and a true test on the exogeneity of health can be conducted.
The FIML method requires spelling out the joint probability of given wages and health status. Denote the probability of having a wage rate y and health status k of individual i as ( , ) Pr ( , ),
with N individuals can be written as, 
Data and model specification
The data
The empirical analysis is based on the Household, Income and Labour Dynamics in Australia (HILDA) Survey, the first Australian longitudinal survey of its kind. A detailed documentation of the survey can be found in Watson and Wooden (2002) .
This paper uses the third wave HILDA survey because this wave collected more detailed information on health conditions than the other waves. The first wave of the survey was conducted between August and December 2001, where 7682 households representing 66 percent of all in-scope households were interviewed, generating a sample of 15,127 persons who were 15 years or older and eligible for interviews, of whom 13,969 were successfully interviewed. Subsequent interviews for later waves were conducted about one year apart.
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The HILDA survey contains detailed information on each individual's labour market activities and history. The hourly wage rate used in this study is derived from the pretax total current weekly earnings and hours worked. The survey also collects information on earnings and working hours of the previous financial year. But since health status is measured as at current, current wages instead of wages of the previous financial year are used in the model.
In addition to the data collected through personal interviews, each person completing a personal interview was also given a self-completion questionnaire to be returned on completion by mail or handed back to the interviewer at a subsequent visit to the household. Information relating to individuals' health was collected in both personal interviews and self-completion questionnaires. In all waves of personal interviews, individuals were asked whether they had a long-term health condition, impairment or disability that restricted everyday activities and had lasted or was likely to last for six months or more. A special feature of the third wave survey was that in the interview questionnaire not only were individuals asked whether a long-term health condition was present, they were also asked what the health conditions were and when these conditions were first developed. Furthermore, in the self-completion questionnaire persons were asked whether they were told by a doctor or nurse that they had health conditions such as arthritis, asthma, etc. Other waves did not collect such detailed information on specific health conditions.
In the self-completion questionnaire the Short Form 36 (SF-36) health status questions were asked. The SF-36 is a measure of general health and wellbeing, and produces scores for eight dimensions of health (Ware et al., 2000) . Measurement error leads to a downward bias to the effect of health if not properly accounted for. As mentioned earlier, the latent health model used in this paper handles the measurement error problem as well.
Despite self-reported health being a subjective measure of health, there is a large body of literature showing that this measure is a good indicator of health in the sense that it is highly correlated with medically determined health status (Nagi, 1969; Maddox and Douglas, 1973; LaRue et al., 1979; Ferraro, 1980) . Tausman and Rosen (1982) find that self-reported health is close to "objective" health. Gerdtham et al. (1999) show that a continuous health status measure constructed from categorical self-reported health by the method of Wagstaff and van Doorslaer (1994) is highly correlated with other continuous measures of health, such as the rating scale measure and the time trade-off measure. These studies lend credence to the usefulness of self-reported health.
The sample
The analysis focuses on males aged between 25 and 64 years (inclusive). People aged over 64 years were excluded because the minimum Age Pension age for males is 65 years in Australia. Also excluded were persons aged under 25 years because many of them had not completed studies. Some of those aged 25-64 years were excluded if they were undertaking full-time study at the time of survey. In addition, I excluded those individuals with a missing value on the variables included in the model. First, to have a feeling of the relationship between health, employment and wages of these people, Table 1 presents employment status and wages by self-reported health status. : the better the health, the higher is the proportion being employed. For example, among those who reported poor health only about 15 percent were working, while among those reporting very good health about 80 percent were working. However, the relationship between wages and health status is not so clear-cut. While among those who reported at least fair health, the wage rate appears to increase with health, those who reported poor health had the highest wage rate. This seems to be at odds with expectation. But the simple tabulation has not controlled for other observed and unobserved factors that may also affect wages. Furthermore, the wage differentials between different health levels are not statistically significant. In the wage equation, in addition to the variables representing human capital such as education, health and work experience, I include state dummy and capital city variables to control for the wage differentials resulting from differences in labour market conditions and living costs across different areas. Marital status is included in the wage equation because it is often found married men earn higher wages than their unmarried counterparts (e.g. Gray, 1997; Loh, 1996; Breush and Gray, 2004) .
Model specification
Indigenous status and immigration status are included in the wage equation to reflect their disadvantages in the labour market. The part-time and casual job variables reflect characteristics of jobs and thus may affect wages (Booth and Wood, 2004) .
Because union members are often found to attract a wage premium (Lewis, 1986; Steward, 1995; Hildreth, 1999) , a union membership status variable is included in the wage equation. Finally, it has been found that larger firms pay higher wages than smaller ones (Brawn and Medoff, 1989; Main and Reilly, 1993) . Firm size is thus included in the wage equation to control for this effect.
In the health equation, in addition to the set of specific health condition variables and the health risk behaviour variables, I include some demographic and socio-economic That is whether it is reasonable to assume that the identifying instruments (e.g. union)
only affect one endogenous variable (e.g. wages) but not the other (e.g. health). The identifying instruments used in the health equation are variables on specific health conditions and health risk behaviour, which may not be subject to questions. This is because any occurrence of health conditions or diseases represents an adverse shock to the underlying health capital, if one believes Grossman's (1972) theory on health capital. In addition, in the literature on the effect of health on labour force status, it is a popular strategy to use specific health conditions or diseases to instrument potentially endogenous self-reported health (e.g. Stern, 1989; Bound, 1991; Bound et al., 1999; Campolieti, 2002; Disney et al., 2006) . There are studies that examine the effects of health risk behaviour, such as alcohol consumption or smoking, on wages or earnings, but the theory used to argue for the effect is often that health risk behaviour affects health and thus wage.
However, one may doubt whether the identifying instruments employed by the wage equation, such as capital city, part-time job, casual job, firm size and union status, should be excluded from the health equation, although there are good reasons for them to be included in the wage equation. 14 For example, one may argue that living in a capital city is good to health because there is better access to health services. But on the other hand, higher stress and bad environmental conditions such as air pollution associated with large cities may be harmful to one's health. Therefore, the exact direction of the effect of capital city on health cannot be predicted theoretically.
Similarly, there is no reason to believe that union status and firm size should affect health in a particular way. As for the part-time job variable, it can be argued that this variable should directly affect health because part-time workers work shorter hours, but Haveman et al. (1994) find that working hours have no direct effect on health.
Despite these arguments for the exclusion from the health equation of the variables that are only included in the wage equation, to confirm the validity of these identification instruments, I conduct and report sensitivity analysis in the next section.
Empirical result
The wage equation
The estimation results for the wage equation are presented in Table 2 . 15 Columns (1) and (4) show the results using simple OLS where self-reported health is treated as an exogenous variable. The difference between columns (1) and (4) is that in column (1) self-reported health is used as a continuous variable, while in column (4) it is used as categorical variables. Recall that two potential problems may bias the estimation results when self-reported health is treated as an exogenous variable: measurement error and endogeneity. 16 Nonetheless, these model results serve as a basis to be compared with models that tackle one or all of the biases.
14 It is not for the purpose of satisfying exclusion restrictions that work experience and age are included in different equations, rather it is because these two variables are highly correlated and thus not appropriate to be included in the same equation. Work experience is included in the wage equation because it reflects human capital accumulation to a larger extent than does the age variable. One the other hand, health normally deteriorates with age and thus age is more appropriate to be included in the health equation. 2325 2325 2325 2325 2325 *** Significant at 1%, ** 5% and * 10%. Note: (a) Simple OLS estimation treats self-reported health as an exogenous variable. (b) Due to insufficient observations, the five health levels are reduced to three: poor and fair are combined into one category, very good and excellent into one group. (c) For the two-stage OLS health refers to predicted health from the first stage estimation; for FIML method it refers to unobserved latent health. (d) The second-stage standard errors are obtained using the bootstrap method with 1000 replications. (2) and (5) also use the OLS but with predicted health from the first stage estimation replacing observed self-reported health status. Again column (2) uses predicted health as a continuous variable, while column (5) uses predicted health status or categories. As discussed earlier, the predicted health measures purge of the measure error and endogeneity problems. The model in column (3) estimates the wage and health equations simultaneously using the FIML method discussed earlier.
Results in columns
Because the effect of health on wages is the main interest of this study, we first look at the estimate for the health variable. The result in column (1) indicates that better health is indeed associated with a higher wage, but the estimate is very small in magnitude and statistically insignificant in any conventional significance levels. The results in column (4) show that people with good, very good or excellent health have a lower wage than people with poor or fair health, but again, these estimates are insignificant. On the other hand, the estimates for the health variable in columns (2), (3) and (5), where measurement error and endogeneity have been accounted for, are all significant and have expected signs. 17 Literally the estimate on latent health shows that everything else equal, a one unit increase in latent health raises the wage rate by 7 percent, which is about 7 times of the estimate from the simple OLS model in column
(1). The estimate in column (5) indicates that compared to persons with poor or fair health, people with very good or excellent health can earn a wage 18 percent higher.
In contrast to the difference in the estimates for the health variable between OLS and other models, the estimates for all other variables are very similar across different models, and all the significant variables have expected signs. For example, other things being equal, men with a partner are found to earn a wage premium of about 9 percent compared with unmarried men. The estimates for the three education dummy variables show that the higher the education level, the higher is the wage rate. Those with a bachelor degree or higher earn a wage rate over 30 percent higher than those who do not complete schooling and those with other post-school qualifications are expected to have a wage rate about 10 percent higher. All model results show that work experience is awarded but at a decreasing rate, again consistent with other studies in the literature. Compared with native born Australian, immigrants from English speaking countries are not found to make a difference. On the other hand, immigrants from non-English countries earn a wage rate 8 percent lower than men born in Australian. The lower wage rate of immigrants from non-English speaking countries perhaps reflects their language difficulties or discrimination. As expected those who work in capital cities are found to have a higher wage rate, perhaps to compensate for higher living costs. Employees who work part-time or on a casual arrangement are estimated to have a higher wage rate, but only for the part-time worker variable the estimate is significant. The result that part-time workers earn a wage premium seems contrary to the findings from other countries (Hirsch, 2004) , but a similar result is found in Booth and Wood (2004) , which use the HILDA survey waves 1 and 2. The result also indicates that casual part-time workers have a lower wage rate than other casual workers. The estimates for the state dummies show that, other things being equal, workers in other states earn lower wages than those in NSW and ACT, but only the estimates for VIC and SA are significant. Employees in large firms and trade union members are also found to earn wage premiums.
Is health exogenous?
Although the focus of this study is on the effect of health on wages, the exogeneity of the health variable is also of interest. As discussed earlier, the endogeneity of health may occur due to either the reverse effect of wages on health or the correlation of unobserved factors. The first row in Table 3 presents the estimates for the reverse effect of wages on health from different models of health determination. The full estimation results for the health equation are not discussed here because they are not the main interest of the study, but they are reported in Table A3 in Appendix A. The model in column (1) is a simple ordered probit treating observed wages as exogenous; the model in column (2) is an ordered probit as well, but predicted wages instead of observed wages is used to account for endogeneity; the model in column (3) estimates the wage and health equations simultaneously, using the FIML method. From all models the wage variable is found to be insignificant, suggesting that the reverse effect from wages to health cannot be established from the data. Only from the FIML method can the correlation of the two error terms be assessed.
The last row in Table 3 shows the estimate for the covariance between the two error terms. The covariance is significant at the 5 percent significance level. As discussed earlier, a true test on the exogeneity of health must examine both the estimates for the wage variable and the correlation of the two error terms. That is the null hypothesis on the exogeneity of health is, (e.g. workaholic) work harder than others and earn higher wages, but they may also be more likely to put high pressure on themselves, which is detrimental to their health.
The significant and negative correlation between the two error terms and the insignificance of the reverse effect of wages on health suggest that the much smaller and insignificant estimate for the health variable when treating health as exogenous is driven by both measurement error of self-reported health and the negative correlation of the unobserved determinants of health and wages.
Sensitivity analysis
The 18 The results for the two endogenous variables from these experiments and the statistics for testing the significance of the additional variables added to the health 18 The variables included only in the wage equation are essentially instrumental variables for the endogenous wage variable. In an instrumental variable framework, one may also ask whether these instruments are valid, particularly in terms of independence to the error terms of the health equation, although these variables are assumed exogenous to the system at the outset (see Section 3). Overidentifying restriction tests are often used to verify the validity of instrumental variables for linear models, but the health equation here is a nonlinear model. In addition, it is the latent value of health that enters the wage equation. Such models it is difficult to test the validity of the instrumental variables (Davidson and Mackinnon, 1993, p667 Table 4 . 19 The results in columns (1), (2) and (3) in Table 4 were obtained when the capital city variable, the three job characteristic variables (i.e.
part-time job, casual job, part-time & casual job), and the five firm size dummies variables were added to the health equation, respectively; the results in column (4) were obtained from adding all the above three sets of variables to the health equation.
The results in column (5) were obtained when the union status variable was added to the health equation (but with the capital city, job characteristic and firm size variables being removed from the health equation). The FIML method was used in conducting these experiments. Comparing the results in Table 4 with those reported in Tables 2 and 3 (column (3)), it is clear that varying the set of identifying instruments in the wage equation does not changes the estimates for the two endogenous variables.
The test statistics in the last two rows of the table show that none of these additional variables is significant in the health equation, implying that these variables have no direct effect on health and thus can be excluded from the health equation. Therefore, the simultaneous equation models results reported in Tables 2 and 3 are reliable. 
Conclusion
Using the third wave HILDA Survey data, which contains more detained information on health conditions than the other waves, this paper estimated a simultaneous equation model to examine the effect of health on the wages of working-age Australian men.
The results confirm the finding in the overseas literature that health has a significant effect on wages, but the significant effect is found only when the endogeneity and measurement error of health are accounted for. The estimated effect of health is substantial in magnitude. For example, results from the model using predicted health categories indicates that people with very good health can earn a wage 18 percent higher compared to those with poor or fair health. The reverse effect of wages on health is not found for the group of people analyzed and the endogeneity of health is found to arise mainly from unobserved factors that affect both wages and health but in the opposite direction.
It should be acknowledged that wages are only one aspect of individuals' economic wellbeing that can be affected by health. The effects on total economic wellbeing would be larger because a person's labour force participation and working hours may also be affected by health and economic wellbeing is derived from the combination of wages and labour supply. Therefore, examining the effect of health on working hours is naturally the next step for future research. In addition, for future research the panel nature of the HILDA data could be explored to better control for unobserved heterogeneity. Another dimension of future research is to examine the effects of health on the variance of wages or earnings, since a larger variance of wages is associated with greater uncertainty that has adverse effects on individuals' wellbeing (Currie and Madrian, 1999) . 
Appendix A: Variable definitions and additional estimation results
With equation (a1) and the normal distribution assumption on w ε and h ε , the probability of observing an individual i with a wage rate y and health status k can be written as,
Appendix C: Incorporating sample selection
C.1. The model and estimation strategy
To account for the fact that only individuals with positive wages can be analyzed using the simultaneous equation model specified in equations (1), (2) and (3), I
augment the simultaneous equation model with a selection equation that postulates the determination of employment status, includes some variables that are not included in the other two equations (see Table A1 in Appendix A). Again, the latent value of employment is not observable and the following equation relates unobserved latent value of employment to observed employment status,
The FIML method is used to estimate the three equations simultaneously. With FIML another piece of information in the data can also be used to obtain more efficient results, i.e., health status of non-workers. For non-workers a similar health determination equation to equation (2) can be specified, (2) and (a5) is that in the latter the wage rate is not included as a right-hand side variable because wages are not observed for non-workers. 20 To implement FIML, I assume all the error terms to follow a joint normal distribution with the covariance matrix,
. . cov ( , , , ) . .
Given the discrete nature of observed health status and employment status, h δ , L δ and ε (see Johnson and Kotz 1974, p86-87) , 20 The separate health equations for workers and non-workers can also be justified by findings in Kreider (1999) that non-workers' self-reported health is prone to reporting bias. The likelihood function of the whole sample is formed using equations (a8) and (a9) for corresponding individuals. 
C.2 Estimation results of the augmented model
